Introduction
the Large Yellow Lady's-slipper (Cypripedium parviflorum var. pubescens [Willdenow] Knight, previously recognized as C. calceolus L. var. pubescens [Willdenow] Correll) is reported to be pollinated by a variety of small bees (Argue 2012). Observations of only Mason Bees (Osmia spp.) pollinating the yellow, pollinatorrewarding Balsam Ragwort (Packera paupercula [Michaux] A. Lӧve and D. Löve) and the yellow, nonrewarding (i.e., deceptive) Large Yellow Lady's-slipper in the Ottawa Valley led to consideration of the extent to which the orchid may be an example of localized Batesian floral mimicry, where a species with non-rewarding flowers has evolved floral characteristics of a rewarding species that confer an advantage of increased pollinator visitation (Dafni 1984) .
Floral mimicry has been reported in a number of orchids (e.g., Dafni and irvi 1981; gigord et al. 2002; Pellegrino et al. 2008; Edens-Meier et al. 2014) and in some Asian species of Cypripedium (Sugiura et al. 2002; Li et al. 2006) and has been recently inferred in the north American Ram's-head Lady's-slipper (Cypripedium arietinum R. Brown; Catling and Kostiuk 2013) .
For Large Yellow Lady's-slipper and Balsam Ragwort to be an example of Batesian floral mimicry, five criteria discernible in field study should be considered, apart from the fact that the Balsam Ragwort model and the orchid mimic occur locally together: (1) Mason Bees visiting the ragwort also visit the orchid; (2) Mason Bees are more frequent visitors to Balsam Ragwort than to other co-blooming plants so that a specific model is suggested; (3) Mason Bees are primary pollinators of the orchid, i.e., the primary insect group transferring orchid pollen from one flower to another; (4) the behaviour of Mason Bees on the orchid flowers suggests mimicry; and (5) the orchid achieves higher abundance in the presence of Balsam Ragwort than in its absence, due in part to higher fecundity. the present work focuses on the first four criteria listed above and considers support for the fifth. the work is centred on alvar landscapes in the Ottawa Valley that are diverse, rich in restricted species, and contain globally imperiled ecosystems (Catling 1995 
Methods
Gathering pollination data and voucher specimens i gathered data by direct observation and collection of bees on orchid and ragwort flowers. On all days when observations of pollinators were made it was sunny and 20-24°C. Areas where pollinators were observed or collected were less than 0.4 ha in extent.
Examining bees reveals pollination because the adhesive pollen of the orchid flower is smeared onto the dorsal surface of the thorax as the bee leaves one of the basal side openings of the flower and can be seen on the insect's thorax for several days afterward (personal observation) indicating that it was at least a visitor to a Large Yellow Lady's-slipper flower and a potential pollinator.
Bees with Cypripedium pollen smears in the study areas were assumed to be pollinators of Large Yellow Lady's-slipper. Although Ram's-head Lady's-slipper is present and blooms at the same time (or starts slightly earlier), robust bees (such as Mason Bees) that are over 8 mm long are likely too large to enter and exit the flowers of that species and have not been implicated in its pollination (Catling and Kostiuk 2013) . the pollen of these two orchids cannot be differentiated by simple light microscopy using a double-staining technique with phloxine and methyl green (personal observation).
Specimens of bees collected as part of this study are in the collection of Dr. Laurence Packer at York university, toronto, Ontario, Canada, and that of Dr. Cory Sheffield at the Royal Saskatchewan Museum, Regina, Saskatchewan, Canada. Dr. Sheffield identified Osmia subaustralis Cockerell, 1900 and O. albiventris Cresson, 1864 and Dr. Anna taylor identified Osmia proxima Cresson, 1864.
Mason Bees visiting the orchid as well as the ragwort
On both 
Mason Bees visiting other co-blooming plants
On 9 
Behaviour of Mason Bees suggesting mimicry
On 4 June 2011, between 9 a.m. and noon, i conducted eight experiments with three Osmia subaustralis (one male, two females) and five unidentified Osmia. the bees had been isolated and maintained in captivity, resting at low light and low temperature (20°C) for 20 h. As a result of their inactivity, they were each easily transferred into a fine mesh cage containing two fresh flowers of Large Yellow Lady's-slipper. tHE CAnADiAn FiELD-nAtuRALiSt Vol. 129
ings was 2-3 mm becoming 3-5 mm when the lip was pressed downward. the flower stems were placed upright in water in a coffee cup, through a small opening in the lid; this prevented bees from falling into open water. Observations were made through the glass front after strong light and heat rising to 24°C was focused on the cage and led to activity. An experiment was considered to be completed when a bee became inactive or when it appeared intent on escape and showed little interest in the flowers.
Results
Of 76 bees captured while they were visiting Balsam Ragwort, 25 carried pollen likely originating from Large Yellow Lady's-slipper (table 1) .
Both co-blooming dandelion species were past peak flowering and infrequent. Wild Strawberry was infrequent but in peak bloom locally. Although many bees were seen on the flowers of these plants only one Mason Bee was seen visiting them -a flower of Wild Strawberry.
All observations of pollination are summarized in table 2, which includes seven pollinator and three visitor records, all of which involved Mason Bees. in most cases, the bees were captured after they left one flower and entered another; they were removed from the second flower. Apart from the fact that flowers were entered within a few seconds, there were no detailed observations of behaviour, except in the following two cases.
At Burnt Lands Alvar on 11 June 2008 on a sunny morning with air temperature 18°C, a bee was found in side the lip of a Large Yellow Lady's-slipper flower. the plant was covered with a net and within five minutes the bee exited the flower from a lateral basal opening with pollen on the thorax (Figure 1) . it was later identified as Osmia proxima.
At Marlborough Forest on 2 June 2008 on a sunny late afternoon with air temperature 22°C, after a cloudy morning, a bee landed on the staminodium of a Large Yellow Lady's-slipper flower, then fell into the lip cavity. it emerged seven minutes later, with much pushing downward of the lip, from a lateral opening with pollen on its back. it was later identified as Osmia proxima.
During experiments to investigate mimicry, the bees generally became active within 10 minutes and flew around inside the cage. Within 1-18 minutes of flight, nine of ten bees landed on the staminodium of a centrally located Large Yellow Lady's-slipper flower. they then turned back and forth over the staminodium probing it actively with the tongue. After 15-120 seconds of this, all nine bees fell off the staminodium into the lip. time to exit was usually 5 minutes, but was 35 minutes in one case. in a few instances, a bee was inactive inside the lip for 5-10 minutes. time spent strug gling in the exit area below the stigma was 3-10 minutes and, during this time, the bee often pushed the lip downward, evidently with its back against the column to increase the space. Once the bee's head had reached the side opening, exit from the flower, as it passed under the stamen, required only 2-7 seconds. this was true for seven of nine trapped bees. Of the other two, one exited the side opening upside down with pollen attaching to the underside of the thorax and abdomen. Another bit a hole through one of the windows at the base of the lip and exited that way within 9 minutes after entering a flower. Most bees spent a few minutes grooming after leaving the flower and one had the wings stuck together, with pollen, over the back. two bees went to, and through, the second flower within 5 minutes of visiting the first.
Discussion
the number of bees visiting Balsam Ragwort that carried pollen of Large Yellow Lady's-slipper seemed high, based on low levels of capsule development in many areas suggesting low levels of insect visitation. However, the orchid was common in both areas (Braeside and Burnt Lands) and generally flowered a little earlier than Balsam Ragwort; thus, it may have attracted attention when resources were limited.
Although the survey of Mason Bees on co-blooming plants included over 2 h of observation time, this is not considered an extensive survey. nevertheless, it provides evidence that Mason Bees were very much associated with Balsam Ragwort and less so with other flowering plants.
the 11 observations of Mason Bees and no other species of bees on Large Yellow Lady's-slipper is evidence that they were the primary pollinators at these study locations (Braeside and Burnt Lands alvars and Marlborough Forest). Although Mason Bees were the only pollinators in the present study, studies of the similar, although not closely related (Li et al. 2011) , European Lady's-slipper Orchid (Cypripedium calceolus L.) have revealed a number of different bee pollinators (nilsson 1978 (nilsson , Antonelli et al. 2009 ). For Large Yellow Lady's-slipper in eastern north America, the only pollinators reported are halictid bees and small Carpenter Bees (Ceratina spp.), and these were based on few records (Argue 2012). i saw bees from both of these groups in the study areas and a significant bee fauna was present at least at the Burnt Lands site (taylor and Catling 2011), although not all of these species would be active at the time of blooming of the orchid. Many species of bees, including Mason Bees, have been reported as visitors to Large Yellow Lady's-slipper (Argue 2012). Although this suggests that many bee species may be involved in its pollination and some regional variation may be anticipated, Mason Bees may be the primary pollinators in some of the larger orchid populations in the study areas.
the pollination of slipper orchids is based on control of the path of the insect through the flower by morphologic attributes of the flower lip, where the insect enters the large frontal opening, deposits pollen, picks up a new pollen load, and then exits by one of the two small openings on either side of the lip base (Figure 1) . this well-known and accepted phenomenon was first elaborated by Darwin (1862) , but more correctly and in more detail in Darwin (1877) following help from Asa gray, and it was later discussed by many others (e.g., Stoutamire 1967; Catling and Catling 1991; Argue 2012) . What has been controversial is the attractant. ideas have varied: the food value of hairs on the inner lip, the production of fragrances by the pollinating bees, the resemblance of the lip to a cavity nest site, and general food deception involving colour and nectar guides (Catling and Catling 1991; van der Cingel 2001) . the latter of these has been the most agreed upon, but an interesting addition is that a flower may be more likely to be visited again if it has already been visited, as a result of accumulation of bee odours on specialized hairs (nilsson 1978) . the present work supports food deception, but further suggests that Mason Bees may be specifically attracted to the staminode due to its resemblance to the centre of a Packera flower. the darker and orange areas in open disc flowers within a mass of yellow disc flowers in Balsam Ragwort are similar to orange spots on a yellow staminodium of similar size in the orchid. the only other case in Cypripedium where bees contacted the staminodium first before falling into the labellum involved C. guttatum Swartz and mimicry was not implicated (Bänziger et al. 2005) .
A distribution map for Balsam Ragwort in Ontario (Catling 1995, Figure 7) indicates a concentration in alvar landscapes along the edges of the Canadian Shield. Similarly, a map for Large Yellow Lady's-slipper (Whiting and Catling 1986 , map 3c) shows concentrations in the same regions and absences from the Canadian Shield and parts of southwestern Ontario. Although the orchid is more widespread than the ragwort, it is similarly associated with limestone rock (Whiting and Catling 1986) . the areas of high abundance of the orchid in southern Ontario are well known and include Manitoulin island, the Bruce Peninsula, and limestone landscapes near Kingston and Ottawa. For example, with regard to the Bruce Peninsula, the Bruce-grey Plant Committee (1997) notes that "it may be more common [here] than in any other part of Ontario." these same landscapes are the areas of abundance of Balsam Ragwort.
Conclusions
the following observations support the case for Batesian floral mimicry. A large proportion of Mason Bees visiting Balsam Ragwort also visited the orchid, but not other co-blooming flowers. Mason Bees were the primary pollinators of the orchid and behaved on the orchid flowers as they did on the flowers of Balsam Rag wort by landing on the staminodium, which resembles the centre of the ragwort flower. Orchids were more abundant where the ragwort was abundant. Although it may be appropriate to consider ragwort species as important models in a generalized magnet species effect, pollination may vary geographically from non-model to species-specific Batesian mimicry where a single model can be readily identified. this latter possibility is of interest for three reasons: the rarity of floral mimicry in orchids, the existence of specialist and generalist strategies within one taxon, and the possibility of early evolution and mimicry in the past.
Floral mimicry is rare in orchids
Members of the genus Cypripedium have generally been regarded as generalist (non-model) food mimics (Catling and Kostiuk 2006; Pelligrino et al. 2008 ) like most food-deceptive orchids, which include a third of all orchids (Cozzolino and Widmer 2005) , the largest family of vascular plants. Most deceptive orchids have not evolved species-specific Batesian floral mimicry (Johnson et al. 2003; Li et al. 2006) , although it has been attributed to various species around the world, including Red Helleborine (Cephalanthera rubra [L.] Richard) from Europe (nilsson 1983), Leopard Orchid (Diuris maculata Smith) from Australia (Beardsell et al. 1986) , and Cluster Disa (Disa ferruginea [thunb.] Swartz) from South Africa (Johnson 1994) . Mimicry has been reported only recently in two of approximately 50 species of Cypripedium, a genus of the northern hemisphere (Li et al. 2011) : a Japanese Lady's-slipper (C. macranthos Sw. var. rebunense (Kudo) Miyabe & Kudo (Sugiura et al. 2002 ) and Ram's-head Lady'sslipper (C. arietinum R. Brown) (Catling and Kostiuk 2013) .
A specialist and a generalist within one taxon geographically based differences in food deception within taxa, ranging from specialization to generalist strategies, may be more frequent than is realized. the idea of such micro-ecological isolating mechanisms is not new and was discussed by Heslop-Harrison (1958) with regard to orchids and by Stoutamire (1967) with regard to lady's-slippers. this within-taxon variation may not always be as obvious as the anomalous whiteflowered var. rebunense of Cypripedium macranthos on Rebun island, Japan, which visually mimics the white-flowered Pedicularis schistostegia Vvedensky (Sugiura 2001 (Sugiura , 2002 . the pollinator-mediated mating restriction that has been shown between the varieties of C. parviflorum (Case and Bradford 2009; Case and Bierbaum 2013) may also occur between geographic races. there is also evidence for different pollination races in European C. calceolus (Antonelli et al. 2009) . that different pollination races exist in Large Yellow Lady's-slipper is suggested by the 36 records of visitation and pollination by Mason Bees on alvar landscapes and no records of other bees, as reported here, compared with reports of many other kinds of visiting bees in other locations (van der Cingel 2001) . the possibility that some lady's-slipper species, and other deceptive orchids, are both specialists and generalists requires more study.
Early evolution and mimicry in the past
Mimicry might have originated as a general resemblance to co-occurring floral food sources, such as yellow blossoms. Although similar colours may not always indicate mimicry or pollinator sharing (Bierzychudek 1981), they might. Supporting this is the observation of the unusual abundance of Large Yellow Lady's-slipper (thousands of plants in a few hectares) along with several co-blooming, yellow-flowered spe cies in remnant prairies along the railway lines in southeastern Saskatchewan (Catling and Kostiuk 2006) . Corolla colour is sufficient to achieve floral mimicry, and pollinators can select for it (gigord et al. 2002) . Yellow-flowered species prominent in the Saskatchewan prairies are Hoary Puccoon (Lithospermum canescens [Michaux] Lehmann) and Heart-leaved Alexanders (Zizia aptera [A. gray] Fernald), but species of ragwort are also present (personal observation). Following development of colour resemblance, the orchid may have evolved a more specific resemblance to Balsam Ragwort by developing reddish spots on the staminode and possibly in other ways. this may have occurred in the open, ever-changing ice-front environments that lasted for many thousands of years during the Pleistocene.
More recently, during the Holocene, the mimetic pol lination system may have become isolated to unusual partial analogues of ice-front habitat with pollination in most of the current range appearing to be a generalist strategy. thus we have a Batesian mimic that to a large extent became a generalist with only localized situations, as in the alvars studied here, that make the former pollination mechanism clear. Certainly, within the general range, there are areas of high abundance of Large Yellow Lady's-slipper, and many of these are in places that resemble ice-front and early postglacial habitats, such as alvars (Catling and Brownell 1995) . Regardless of the likelihood of this hypothesis, it does draw attention to the possibility that pollination in temperate plants may sometimes be better understood through reference to past conditions.
Future research
Although this articles presents evidence to suggest Batesian floral mimicry, the suggestion would be strength ened if the bees were found to carry only ragwort pollen, rather than observing bees visiting only ragwort flowers, as sampling based on a longer period would be achieved in this way. two more protocols for data collection that can be considered in future studies are: (1) flowers of the orchid and ragwort can be compared under ultraviolet (uV) light to determine whether similar patterns exist, although floral mimicry is not entirely dependent on uV reflectance (gigord et al. 2002) ; and (2) a biochemical analysis of scent would be helpful to determine the extent to which that factor plays a role, although studies have suggested that visual attributes may be more important than scent chemistry in deceptive orchids (Jersáková et al. 2012) . the scent components may be general or contain those of the ragwort or even those of the pollinating bees (Volterová et al. 2007 ). these protocols have been effectively applied to studies of Batesian floral mimicry in other species (EdensMeier et al. 2014) .
